• Background and Aims The plant Hirtella physophora, the ant Allomerus decemarticulatus and a fungus, Trimmatostroma sp., form a tripartite association. The ants manipulate both the plant trichomes and the fungus to build galleries under the stems of their host plant used to capture prey. In addition to its structural role, the fungus also improves nutrient uptake by the host plant. But it still remains unclear whether the fungus plays an indirect or a direct role in transferring nutrients to the plant. This study aimed to trace the transfer of N from the fungus to the plant's stem tissue.
• Background and Aims The plant Hirtella physophora, the ant Allomerus decemarticulatus and a fungus, Trimmatostroma sp., form a tripartite association. The ants manipulate both the plant trichomes and the fungus to build galleries under the stems of their host plant used to capture prey. In addition to its structural role, the fungus also improves nutrient uptake by the host plant. But it still remains unclear whether the fungus plays an indirect or a direct role in transferring nutrients to the plant. This study aimed to trace the transfer of N from the fungus to the plant's stem tissue.
• Methods Optical microscopy and transmission electron microscopy (TEM) were used to investigate the presence of fungal hyphae in the stem tissues. Then, a 15 N-labelling experiment was combined with a nanoscale secondary-ion mass spectrometry (NanoSIMS 50) isotopic imaging approach to trace the movement of added 15 N from the fungus to plant tissues.
• Key Results The TEM images clearly showed hyphae inside the stem tissue in the cellular compartment. Also, fungal hyphae were seen perforating the wall of the parenchyma cell. The 15 N provisioning of the fungus in the galleries resulted in significant enrichment of the 15 N signature of the plant's leaves 1 d after the 15 N-labelling solution was deposited on the fungus-bearing trap. Finally, NanoSIMS imaging proved that nitrogen was transferred biotrophically from the fungus to the stem tissue.
• Conclusions This study provides evidence that the fungi are connected endophytically to an ant-plant system and actively transfer nitrogen from INTRODUCTION Ant-plant relationships play key roles in shaping tropical ecological communities and are mutualistic to different degrees, including symbiotic associations with myrmecophytes (or antplants), which provide a nesting space in hollow structures called 'domatia' and often food rewards to specialized ant species. The associated ants, in turn, protect their host myrmecophytes from different enemies (i.e. phytophagous animals, competitors, pathogens and competing plants) and/or provide their host plants with nutrients (myrmecotrophy) (Beattie, 1989; Fonseca, 1999; Beattie and Hughes, 2002; Heil and McKey, 2003; Bronstein et al., 2006) . It is likely that, because epiphytes are usually more nutrient-stressed than are terrestrial plants (Laube and Zotz, 2003) , studies dealing with epiphytic myrmecophytes have concentrated mostly on myrmecotrophy (Benzing, 1970; Janzen, 1974; Huxley, 1978; Gay, 1993; Treseder et al., 1995; Chomicki and Renner, 2016) . The first studies on terrestrial myrmecophytes focused on the biotic protection provided by their associated ants (Janzen, 1966; Heil and McKey, 2003) ; nevertheless, myrmecotrophy was also demonstrated (Rickson 1979; Rickson and Rickson, 1986; Fischer et al., 2003) . Myrmecotrophy has been investigated through enrichment experiments using 15 N-labelled nutrients to measure stable isotopic nitrogen ( 15 N). Plants can absorb nutrients from the mineralization of ant debris and faeces directly through their rhizomes, roots or protuberances or through the walls of leaf domatia (Treseder et al., 1995; Sagers et al. 2000; Solano and Dejean, 2004; Watkins et al., 2008; Gegenbauer et al., 2012; Leroy et al., 2012; Chomicki and Renner, 2016) .
Recently, it has been shown that the nutritional contribution provided by ants to their host plants might be mediated by ant-cultivated fungi. This was illustrated, for the first time, for the terrestrial plant Hirtella physophora (Chrysobalanaceae) and the ant Allomerus decemarticulatus (Myrmicinae), associated with an ascomycete species of the order Chaetothyriales, described as Trimmatostroma cordae in South America . In a phylogenetically and geographically (i.e. Cameroon) distant system involving Leonardoxa africana ssp. africana (Fabacae) and Petalomyrmex phylax (Formicinae), fungi from the order Chaetothyriales were also found growing inside the domatia but their role in transferring nutrients to the host plant remains unclear (Defossez et al., 2011) . In this case, the domatia-inhabiting fungi may play a role in the mineralization of complex molecules into simpler ones that can be absorbed by the plant through the inner walls of the domatia. All of these ant-associated fungi studied to date belong to the order Chaetothyriales (Ascomycota) and show high host specificity (Defossez et al., 2009; Leroy et al., 2011; RuizGonzález et al., 2011; Voglmayr et al., 2011; Kokolo et al., 2016) . Chaetothyriales are usually dark, melanized, slowgrowing fungi that are able to colonize extreme environments (Gueidan et al., 2008; Ruiz-González et al., 2011; Voglmayr et al., 2011) .
It remains unclear, however, whether the fungi play indirect (i.e. degrade complex molecules into simpler ones that can be incorporated by the plant through absorptive tissue) or direct roles in transferring nutrients to the plant tissue. Stable isotope labelling experiments using 15 N enable nitrogen to be traced throughout the plant (e.g. Dawson et al., 2002) . However, traditional mass spectrometry analysis is based on bulk plant samples and cannot provide information on cellular and subcellular nitrogen dynamics. Yet it is precisely at the cellular and subcellular levels and plant-hyphae interface that studies need to be conducted if we hope to elucidate the 15 N transfer mechanisms involved in ant-plant-fungus interactions. Nanoscale secondary-ion mass spectrometry (NanoSIMS) isotopic imaging has been developed as a method to identify isotope ratios within micro-areas of biological material. NanoSIMS is a powerful analytical tool that simultaneously renders visible and quantifies in situ the incorporation and transfer of isotopic labelling at the subcellular spatial scale (Kilburn et al., 2010; Kuga et al., 2014) . This is a relatively new technique used since the 2000s for biological studies and, thanks to technical advances, the number of applications available to investigate elemental flows of carbon and/or nitrogen in different terrestrial and aquatic systems has increased in recent years (e.g. Kilburn et al., 2010; Kopp et al., 2013; Bougoure et al., 2014) .
In an earlier study by Leroy et al. (2011) , the 15 N provisioning of the fungus in the H. physophora-Allomerus decemarticulatus system resulted in sharp increases in the 15 N signature of the plant's leaves, and such results proved that there was a transfer of nitrogen mediated by a fungus. Following the previous discovery of fungus-mediated nitrogen transfer in the H. physophora-A. decemarticulatus-Trimmatostroma sp. interaction, the present study aimed to investigate the dynamics and method of this transfer at the cellular level. To this end, we used a histological approach to search for the presence of fungal hyphae in different tissues of the plant internodes coupled with a 15 N-labelling experiment using NanoSIMS. We hypothesized that if the fungus plays a direct role in nitrogen transfer, hyphae would be present in plant tissues and the presence of the 15 N tracer should be restricted to the surrounding cells, whereas if plant tissues are able to absorb nitrogen after mineralization by the fungus, the 15 N tracer should be more widely distributed.
MATERIALS AND METHODS

Study site and model
This study was conducted in September 2010 at La Montagne des Singes, Kourou (05°04′20″ N, 52°41′43″ W) in French Guiana. Hirtella physophora (Chrysobalanaceae) is a small tree of the Amazonian rainforest understorey that can reach 6 m in height. Populations of H. physophora are mostly distributed in patches located on the upper slopes of hillsides. Each patch comprises between 20 and 300 individuals on a surface area of a few hectares, and the patches are separated by a few hundred metres to a few kilometres. The present study was carried out on a patch constituted by ∼120-150 individuals and having a surface area of ∼1 ha. Domatia (Fig. 1A) are located on all of the leaves of an adult tree and they are used as permanent nesting sites by the resident ants (one colony per tree). The domatia consist of two pouches on either side of the petiole at the base of the leaf blade on the abaxial surface of the leaf (Leroy et al., 2008 (Leroy et al., , 2010 . The natural entrances to the two adjacent leaf pouches are on the abaxial surface of the leaf, on either side of the main vein, near the lamina. This myrmecophyte is associated with the ant Allomerus decemarticulatus (Myrmicinae) and the ascomycete fungus Trimmatostroma sp. (Chaetothyriales; RuizGonzález et al., 2011) , which the ants use to build galleries on the stems of their host plant (Dejean et al., 2005) (Fig. 1) . To build these galleries, the A. decemarticulatus workers first cut the plant's trichomes, which they then assemble together to form a frame. Finally, they manipulate the mycelium of the sooty mould to consolidate the frame, and the galleries are then used to ambush prey (Dejean et al., 2005) .
N experiment and isotopic analysis
We selected 33 H. physophora of a similar size and number of branches and having a mature ant colony (i.e. with the galleries covering most of the plant stems). The ants were eliminated from one branch per plant for each of the 33 H. physophora (hereafter termed the experimental branch) by injecting an aqueous solution of 0·5 ‰ pyrethrum inside all the domatia on the branch. The rapid knockdown effect of the pyrethrum immediately killed all the resident ants but had no effect on either the plant or the fungus-bearing galleries . Then, to prevent the ants on the other branches in the crown from having access to the experimental branch, we placed a ring of aluminium foil and TangleTrap ® (The Tanglefoot ® Company, Grand Rapids, MI, USA) at the base of the branch. The fungus-bearing galleries were pulse-labelled with 200 µL of a solution containing 20 mg of 15 N-enriched glycine (99 atom% C 2 H515NO 2 ; Sigma-Aldrich, St Louis, MO, USA). The 15 N-enriched solution was provided in an aqueous honey solution (50 % w/v). Using a microlitre pipette, we deposited the solution on the mycelium-bearing gallery at the median internode of the branch. Samples were taken from two young leaves and the internode above the labelling zone on three of the 33 different H. physophora at/ on each of the following times/days: 30 min, 1 h, 2 h, 4 h, 6 h, 12 h, 1 d, 3 d, 5 d, 7 d and 15 d (i.e. 3 trees × 11 sampling times/days = 33 H. physophora). Samples were taken from ten additional non-15 N-enriched trees and used as a control lot. The leaf samples were vacuum-dried and ground into a homogeneous powder using a mixer mill. Around 1 g from each plant sample was analysed for its δ 15 N level. Stable isotope analyses were conducted at the Colorado Plateau Stable Isotope Laboratory (Northern Arizona University, Flagstaff, AZ, USA) using a Thermo-Finnigan DeltaPlus Advantage gas isotope-ratio mass spectrometer interfaced with a Costech Analytical ECS4010 elemental analyser. The quantity of stable isotopes in a sample is expressed in ‰ as a delta (δ) value relative to a standard. The δ value for nitrogen, which has two stable isotopes ( 14 N and 15 N), is expressed as follows: δ 15 N‰ = (R sample /R standard -1) ×1000, where R sample and R standard are the molar ratios (i.e. 15 N/ 14 N) of the sample and the standard (i.e. atmospheric nitrogen), respectively (Peterson and Fry, 1987) .
Kruskal-Wallis non-parametric one-way analysis of variance of ranks followed by Dunn's post hoc pairwise tests (R package PMCMR) were conducted to test for significant differences in leaf δ 15 N over time. Statistical analyses were conducted using R, version 2.14.1 (R Development Core Team, 2015).
Sample preparation for microscopy and NanoSIMS
The internodes covered by the gallery were collected from 15 N-supplemented individuals after 15 d, as were those from ten control plants, and fixed with 2·5 % glutaraldehyde in a 50 mm sodium cacodylate buffer (pH 7·2) for 24 h at 4 °C. They were rinsed in the buffer without glutaraldehyde, dehydrated in a series of aqueous solutions of increasing ethanol concentrations (10, 30, 50, 70, 80, 95 , 100 %; 2 h each) and then infiltrated step-wise (25, 50, 75 and 100 % in ethanol; 12 h each at 4 °C) with London Resin White (Oxford Agar; Oxford, UK). Infiltrated samples were embedded in capsules and allowed to polymerize for 24 h at 70 °C.
Locating the fungus inside the plant tissues by microscopy
Thin sections (1 μm in thickness) were obtained with an ultramicrotome (UltraCut E, Reichert-Leica, Wetzlar, Germany), mounted on glass slides and stained with toluidine blue (0·5 %, w/v in an aqueous solution of 2·5 % sodium carbonate, pH 11). An inverted microscope (DMIRBE, Leica, Rueil-Malmaison, France) was used to obtain bright-field images. The images were acquired using a CCD camera (Colour Coolview, Photonic Science, Robertsbridge, UK) and processed with image analysis software (Image Pro-Plus, Media Cybernetics, Silver Spring, MD, USA).
For transmission electron microscopy (TEM), ultra-thin (80-90 nm thickness) sections from three internodes were cut using the ultramicrotome. Periodic acid-thiocarbohydrazide-silver proteinate reaction (PATAg) staining was used to detect polysaccharides via their vicinal glycol groups (Thiéry, 1967) . Ultra-thin sections were placed on gold grids and floated in a 1 % (w/v) aqueous solution of periodic acid for 30 min at room temperature, rinsed twice in distilled water for 15 min and treated overnight at 4 °C with a 20 % aqueous solution of acetic acid containing 0·2 % thiocarbohydrazide. The sections were washed in solutions of decreasing concentrations of acetic acid and finally in water, floated in a 1 % (w/v) aqueous solution of silver proteinate for 30 min in the dark, washed in water and air-dried before observation. Micrographs were created using a Hitachi-H600 (Tokyo, Japan) transmission electron microscope operating at 100 kV and recorded on Kodak-Electron films (Kodak France).
Incorporation and transfer of 15 N-labelled solution: NanoSIMS
To create images of the distribution of 15 N/ 14 N, semi-thin (1 µm thickness) sections of internode were cut and then placed on silicon discs. A Cameca NanoSIMS 50 ion analyser (Cameca, Gennevilliers, France) was used in negative secondary-ion mode with the Cs+ primary ion beam to obtain images of the nitrogen isotopes. Images with high spatial resolution (512 × 512 pixels) were obtained using a primary beam with intensity 1 pA, a D1-3 diaphragm (beam diameter ∼60 nm) and a dwell time of 10-15 ms per pixel. Images were acquired over an area of 70×70 µm. Secondary ions were energy-filtered to obtain a minimum mass resolution of 5000 (10 % peak height measurement). Mass images were generated by mapping the light and heavy isotopes of secondary cyanide ions ( 15 N/ 14 N)×100, was then compared with the natural ratio measured in the non-enriched plant samples, used as a control lot (0·36 %).
RESULTS
Stem anatomy characteristics
On the surface of the stem, a net of hyphae surrounds the gallery made of plant trichomes that are more or less embedded in organic matter (darkly stained blue in Fig. 2A-C) . The internode is generally delimited by an epidermal layer and the cells are filled with highly reactive components ( Fig. 2D-E) . In some plants we also observed a sub-epidermal layer. Just below it, two or three aligned cell layers constitute a phelloderm delimited from the cortical parenchyma by a layer of more or less compacted and darkly stained cells. We were not able to detect any hyphae in the cortical tissues. In the central cylinder we distinguished xylem vessels, fibres and ray parenchyma cells (Fig. 2F-H ). Large differences in the staining of the ray parenchyma cells were observed from plant to plant. In some plant internodes (four out of ten plants), these cells were empty and not stained (Fig. 2F) , whereas others were visibly darkly stained ( Fig. 2G-H) . In these latter samples, surprisingly, among the blue precipitates, some of the blue particles looked like transverse sections of hyphae. The same was observed in some of the parenchyma cells in the pith (Fig. 2G) . Observations with a higher magnification objective lens (×63) did not allow us to detect hyphal structures in the stem sections.
Presence of hyphae in stem tissues
On the surface of the plant cells where the gallery is located, the fungal cell walls were highly PATAg-reactive and regularly ornamented with black deposits (Fig. 3A-C) . We also observed the presence of (1) bacteria distributed among the fungal hyphae, (2) septa in the hyphae cut longitudinally, (3) sections of plant trichomes and (4) compacted organic matter throughout the gallery (Fig. 3D) . In the cellular compartment, fungal hyphae perforated the wall in spite of the presence of a complex, layered cell wall matrix and the accumulation of darkly stained and compact organic material in the epidermal cells (Fig. 3D-E) . Below the epidermal layers in the cortical tissue, hyphae were easily observable in the cellular compartments (Fig. 3F, G) . Cell wall damage was restricted to cells in which the fungus was present (white stars). The fungal cell walls did not exhibit the ornamentation previously noted. We also noted that the sectioned hyphae were smaller (∼2 µm in diameter) inside the plant cell internode than outside in the gallery (4-8 µm).
In the xylem of plants stained with toluidine blue (Fig. 2) , the hyphae were restricted to the ray parenchyma cells (Fig. 3H,  I ) and to some cells in the pith (Fig. 3J) . In both cases, the fungal cell walls did not exhibit ornamentations. In the xylem, the size of the sectioned hyphae was similar to the size of the hyphae in the cortex, whereas their size was greater when they were located in the pith. In the other plants ( Fig. 2A) , no or few hyphae were observed inside the xylem and pith. As previously suggested from observations using optical microscopy, large variations were noted from plant to plant.
N-labelling experiment and NanoSIMS
The level of leaf δ 15 N gradually increased over time (except for time = 12 h) after 15 N labelling, indicating progressive enrichment of the plant (Fig. 4) Figure 5A -C shows images of stem tissues corresponding to similar structures using mass detection. In the myceliumbearing gallery (Fig. 5J, M) , the 15 N/ 14 N ratio was close to 2-3 % and so was much higher than for non-enriched plants (0·36 %). Evidence of the incorporation of 15 N was found in the hyphae but not in the fungal wall matrix or in the organic matter surrounding the hyphae and the plant trichomes. In the epidermal layer and the phelloderm, no indication of significant 15 N enrichment was detected (Fig. 5K, L and N, O) . Within the cortical plant tissues, where hyphae were easily observed (Fig. 3F, G 
DISCUSSION
Presence of stem endophytic fungi in an ant-plant-fungi mutualism
Although Defossez et al. (2009 Defossez et al. ( , 2011 did not detect hyphae inside the plant tissue of some myrmecophytes, in the present study we show the presence of hyphae in the cellular compartment of the stem tissue of H. physophora. Bright-field microscopy did not allow us to observe any hyphae in the cortical tissues of the stems even at high magnification. We were only able to observe them using TEM. This contrasting observation might be due to the fact that the hyphae inside the plant tissue were 2-to 4-fold thinner compared with those in the fungus-bearing galleries. Although the fungus growing on the gallery was identified as Trimmatostroma sp. (Chaetothyriales; Ruiz-González et al., 2011) , we cannot ascertain that this was also what we found growing endophytically in the stem tissue. However, we have some clues indicating that the fungus growing inside the stem tissue is likely the one growing on the gallery. First, there is likely a continuum between the hyphae forming the gallery outside the plant tissue and the hyphae inside the plant cells (i.e. hyphae that perforate the cell wall) based on the TEM images and the 15 N-enrichment experiment. Moreover, the difference in size between the hyphae in the plant tissue and those in the galleries does not necessarily mean that they do not belong to the same species. Several examples have shown that fungi can differ in hyphal sizes and wall structures depending on their spatial location (e.g. Martinez et al., 1999 Martinez et al., , 2000 , and this is also the case for the genus Trimmatostroma (Figueras et al., 1996; Diederich et al., 2010; Heuchert and Braun, 2014) . In addition, the molecular identification of the hyphae growing on the fungus-bearing gallery on H. physophora stems systematically indicated the presence of Trimmatostroma sp. Ruiz-González et al., 2011 . Third, in other studies on ant-plant interactions, the associated fungi always belonged to the order Chaetothyriales (Ascomycota) and showed high host specificity (Defossez et al., 2009; Leroy et al., 2011; Ruiz-González et al., 2011; Voglmayr et al., 2011; Kokolo et al., 2016) . Accordingly, and more likely, in the case of the same fungus, this study suggests that the gallery-inhabiting fungus is able to grow endophytically in the stem tissue. Thus, Trimmatostroma sp., which has a known structural role in reinforcing the gallery's frame (Orivel et al., 2017) , might also have a trophic role in directly transferring nutrients to the plant.
NanoSIMS revealed the active transfer of nitrogen
Thanks to high-precision isotope-ratio imaging, we show that 15 N enrichment (after 15 d) was detected only in distinct cells, suggesting the active transfer of nitrogen rather than passive diffusion. NanoSIMS imaging was recently used to illustrate the transport of nitrogen derived from decaying organic matter and transferred to the host plant via a mycorrhizal fungus (Bougoure et al., 2014; Kuga et al., 2014) . In our study, we also successfully used NanoSIMS to, first, clearly show the transfer of added 15 N to the fungus with a high 15 N/ 14 N ratio inside the hyphae but not in the wall matrix. Second, we also prove the existence of a high 15 N/ 14 N ratio in some cells in the cortical tissue where large numbers of hyphae were observed, suggesting that nitrogen was transferred from the fungus to the stem tissue. Thus, the interaction between the endophytic fungus and the host H. physophora is likely mutualistic. The substrate on which the fungus grows includes plant tissues on the inner walls of the domatia chewed by the ants and the stem parenchyma cells (present study), suggesting potential nutritional benefits (i.e. carbon) for the fungus. However, experimental 13 C enrichments of the plants did not succeed, so that no estimate of the trophic fluxes from the plant to the fungus could be made. Nevertheless, the natural abundances of δ 13 C provided some insights into the use of plant tissues as a carbon source by the fungus (Orivel et al., 2017) .
Importance of fungal interactions in plant mineral nutrition
Many species of plants have evolved structural adaptations to exploit the nitrogen found in insects. This is the case, for instance, for plants that come directly into contact with insects, such as carnivorous plants (e.g. Bazile et al., 2012) , tank bromeliads (e.g. Leroy et al., 2016) and ant-plants (e.g. Solano and Dejean, 2004) . Recently, some entomopathogenic fungi (Ascomycetes) have been shown to acquire nitrogen from the insects they infect and, through a root-endophyte association, transfer the insect-derived nitrogen directly to the plants (Behie et al., 2012; Sasan and Bidochka, 2012; Behie and Bidochka, 2014) . Symbioses with mycorrhizal fungi, known to concern 90 % of all terrestrial vascular plants, play a major role in enhancing plant productivity by supplying limited nutrients to the plants, and thus contributing to the structure of plant communities (Smith and Read, 2008) . Additionally, numerous plants form associations with root mycorrhizal fungi that can provide soluble insect-derived nitrogen from such sources as insect remains and faeces (Klironomos and Hart, 2001 ; Behie and Bidochka, 2013) . In this case, the mycorrhizae are able to break down the insect remains or faeces to obtain inorganic nitrogen, which the fungus then assimilates and can be exchanged inside the plant. Nitrogen transfer in these mutualistic associations has been widely studied (e.g. Govindarajulu et al., 2005; Smith and Read, 2008; Bonfante and Genre, 2010) , but less is known about the role of endophytic fungi growing in the aerial parts of the plant tissue in nitrogen transfer, especially in the case of woody plants. In a previous study by Dejean et al. (2013) we showed that experimental H. physophora trees in which the ant colonies were overprovisioned with prey had more natural 15 N than did control plants, indicating that the plant benefits from ant faeces and/or remains. The present study shows an additional case of an endophyte able to transfer nitrogen from insect remains and/or ant faeces to plants but with the novelty of this being a mutualistic tripartite interaction involving ants. TEM images clearly identified hyphae inside stem tissue and a stable nitrogen isotope tracer experiment combined with NanoSIMS imaging revealed that the 15 N-enriched tissue/cells were not diffuse. Our results show, for the first time for an ant-plant system, that a fungus actively transfers nitrogen from a 15 N-labelling solution to the plant's stem tissues, suggesting that it may occur for nutrient-derived ant wastes. Overall, this study underlines how complex the trophic structure of ant-plant interactions is, due to the presence of the fungus, and provides insight into the possibly important nutritional aspects and trade-offs involved in myrmecophyte-ant mutualisms.
SUPPLEMENTARY DATA
Supplementary data are available online at www.aob.oxfordjournals.org and consist of the following. Fig. S1 : bright-field images within the cortex. Observations were performed using a confocal microscope to take advantage of the optical zoom and the better resolution of the system. Images are in grey scale; the detector is a photomultiplier and not a true colour CCD camera. Arrows indicate possible hyphae but only TEM observations confirm the presence of fungi in the cortical plant cells (Fig. 3D-G) . From the TEM, it is clear that the hyphae in the plant cells are smaller and have a thinner wall compared with hyphae in the gallery. This is likely why hyphae are not accurately identified with bright-field microscopy. Fig. S2 : bright-field observations in (A-C) were performed as in Fig.  S1 . Ray parenchyma was heavily stained with toluidine blue. In bright-field images it is not easy to identify hyphae within the ray parenchyma. Hyphae were only observed with TEM (D). Image D is a magnification of Fig. 3H . Arrows indicate hyphae, embedded in dark material (precipitates). Fig. S3 : bright-field images within the gallery and part of the cortex. Observations were performed using a confocal microscope to take advantage of the optical zoom and the better resolution of the system. Arrows indicate hyphae in the gallery. Their size (6 μm) and shape are clearly different from the plant host cells.
